Expression of methionine regulon elements was controlled by the metJ protein gpMetJ. A maxicell system with cloned copies of the metF transcription unit allowed reversible action of gpMetJ. Expression of the metF transcription 4nit in maxicells was reduced by exogenous vitamin B12 at concentrations of 0.5 nM or greater.
protein of both organisms, gpMetJ, regulates expression of all met regulon elements (for reviews, see references 4, 8, 27) . Consequently, gpMetJ autoregulates its own expression (15, 29, 36, 38) . Genetic studies suggest that an effector molecule controlling in vivo gpMetJ function is S-adenosyl methionine (Ado-met) (for reviews, see references 4, 8, 27) . Recently, Shoeman et al. (32) demonstrated that purified gpMetJ and Ado-met blocked metF expression at the level of RNA synthesis in an uncoupled DNA-directed protein synthesizing system. In the absence of Ado-met, high concentrations of gpMetJ also reduce in vitro metF expression. A putative gpMetJ recognition sequence (the met box) has been identified within the promoter region of each sequenced met regulon transcription unit (6, 23, 29, 30) . Purified gpMetJ binds a portion of the met box of the bipolar metJ-metBL elements, and Ado-met enhances its affinity for this sequence. The complete function(s) of the met box remains undefined (33) .
A simple system with the maxicell procedure of Sancar et al. (31) (17) . Plasmid identity was confirmed by restriction endonuclease digestion and gel electrophoretic analysis (10, 35) . Purified plasmid samples were prepared from cell extracts by cesium chloride-ethidium bromide equilibrium density gradient centrifugation (11) . Bacterio (31) . Each sample was concentrated (10-fold) just before addition of 14C-labeled amino acids (6 ,XCi/ml). In all cases, the radioisotope was incorporated for 30 min at 32°C. Each maxicell sample was harvested, processed, resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and analyzed by Coomassie blue (18) or silver (39) staining plus autoradiography of the resulting electrophoretogram. Samples were electrophoresed on 18% polyacrylamide slab gels (16 by 16 cm by 1.5 mm) by using the buffers and protocol of Laemmli (18) . Autoradiographic techniques were adapted from those of Laskey and Mills (19) . In most cases, Autofluor (National Diagnostics, Inc.) was used to enhance the exposure of the gels. Autoradiograms were obtained by using Kodak XOmat RP or Kodak X-Omat AR films (Eastman Kodak Co.).
The plasmid pEJ3-lB was constructed by inserting a 6.7-kilobase-pair BamHI fragment from X dmet-128::TnS or Tn3-1 (35) into the single BamHI site of pBR322 (3, 34 Fig. 1A and B, respectively. The intensity of the gpMetF band on the autoradiogram indicates that metF expression was constitutive in the -/-sample and abolished in the -/+ sample (Fig. 1B, lanes 1 and 2) . The opposite pattern of expression was observed in the +/-and +/+ samples (Fig.  1B, lanes 3 and 4) . The silver-stained electrophoretogram demonstrates that the -/-and -/+ samples contained equivalent amounts of gpMetF, whereas the +/-and +/+ samples contained reduced amounts of the protein. This result is consistent since both the -/-and -/+ samples synthesized gpMetF for 3.5 h before the described manipulations. Expression of the plasmid-borne neo gene was not significantly affected by the presence or absence of methionine ( Fig. 1A and B) .
In E. coli K-12, metF expression is also regulated by vitamin B12 and gpMetH (the B12-dependent methyl transferase) (16, 24, 25) . To test the ability of the maxicell system to reproduce this control, samples of an irradiated culture of JJ122R[EJ3-lB] were incubated with vitamin B12, labeled with 14C-amino acids, and processed for SDS-PAGE analysis. As shown by the resulting electrophoretogram and autoradiogram ( Fig. 2A vitamin B12 concentrations between 0.5 and 500 nM were similar in their inhibition of metF expression but exerted less effect on neo expression. Between 0.05 and 0.5 nM, exogenous vitamin B12 inhibition of metF expression was lost ( Fig. 2A and B, lanes 4 and 5) . The lanes of a second SDS-PAGE electrophoretogram of the vitamin B12 experiment were cut into 1-mm slices and processed for liquid scintillation spectrophotometry (9; data not shown). No significant effect was detected in the profiles of 14C-amino acid incorporation for the samples containing 0.005 and 0.05 nM vitamin B12, but for the sample containing 0.5 nM vitamin B12, incorporation into gpMetF was reduced by 50%. At vitamin B12 concentrations of 5, 50, and 500 nM, a generalized inhibitory effect on gene expression was detected due to a reduction in 14C-amino acid incorporation into gpNeo. When the samples were corrected for this reduction, each exhibited approximately 50% inhibition of metF expression. Mulligan et al. (25) reported that 74 nM vitamin B12 (0.1 ,ug/ml) reduced expression of a metF promoter-lacZ fusion to 33% of the constitutive level. Perhaps a portion of this inhibition was due to the relatively high exogenous vitamin B12 concentration.
The results indicate that the described maxicell system provides enough methionine to sustain protein synthesis. However, the system depends on exogenous methionine to provide a sufficient concentration of an effector required for the function of the met regulon aporepressor, gpMetJ ( Fig.  2A and B) . Ado-met is the most probable candidate for this effector molecule (32, 33) . Therefore, the predicted decreases in the Ado-met and methionine pools, which result from the removal of the exogenous methionine supplement (Fig. 1) , would cause the observed induction of metF expression. In the 10 ,LM concentration range, exogenous methionine is transported into the cell by the high-affinity methionine transport system (Km = 0.13 p,M; 13). The low-affinity system, which has a Km of 20 puM, would be effective only at higher (200 ,uM) methionine concentrations (13, 14) .
These results (-/+ methionine experiment; Fig. 1 ) demonstrate that the action of gpMetJ is reversible in a short time period (maximum of 30 min). Because the action is reversible, the function of gpMetJ is probably stoichiometric rather than catalytic. This conclusion is consistent with the data of Shoeman et al. (32) and Smith et al. (33) which describe the interaction of gpMetJ with met regulon DNA sequences in cell-free systems. Neither report demonstrates reversible functional interaction of gpMetJ with the described DNA templates.
Recently Kirby et al. (15) identified three E. coli metJ promoters and demonstrated that two are under autoregulatory control of gpMetJ. Presumably, during the cellulargrowth phase of maxicell strains bearing plasmid pEJ3-1B, expression of the single metJ allele is adjusted by this autoregulatory mechanism. Consequently, the amount of gpMetJ present at the time of UV irradiation remains sufficient to control multiple copies of the plasmid-borne metF transcription unit for at least 6 to 8 h postirradiation.
Experiments are in progress to determine the metF mRNA levels and the intracellular concentrations of methionine and Ado-met associated with the regulatory events described in this paper. 
